Background and Purpose: Allergy is an undesired immune response to non-pathogenic agents. However, some opportunistic microorganisms such as fungi can also cause allergy. Among those fungi, hyphae form of Aspergillus strains including A. fumigatus, A. flavus, and A. niger could be mentioned. In this study, we aimed to separate allergic proteins from Aspergillus strains and determine their identity. Materials and Methods: Standard species of Aspergillus strains were cultivated in optimized conditions and the mycelium was separated by centrifugation. The fungal cells were lysed through physical methods such as freezethawing and grinding to prepare a suitable protein extract. The protein concentration was measured by Bradford method and the electrophoretic pattern of the extract was determined by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The proteins were fractionated by ammonium sulfate precipitation and anion exchange chromatography using fast protein liquid chromatography (FPLC) system. The IgE immunoreactivity of the sensitized patients and controls was studied using the fractionated proteins by enzyme-linked immunosorbent assay (ELISA). Following SDS-PAGE, proteins were electrotransferred onto polyvinylidene difluoride (PVDF) membranes and the strips were blotted with allergic patients' and controls' sera. The immunoreactive bands were excised from colloidal coomassie-stained SDS-PAGE gels and studied by mass spectroscopy methods. Results: Among the studied species, A. fumigatus showed stronger IgE reactivity and more IgE reactive protein bands than others did. The proteins with higher molecular weights showed stronger immunoreactivity in Western blotting. Receiver operating characteristic curve analysis demonstrated a correlation between the results of the applied ELISA methods. One of the most prominent IgE-reactive proteins was confirmed to be 45 kDa mycelia catalase. Conclusion: Our findings confirmed that high molecular weight proteins might play a major role in allergy and IgE reactivity to Aspergillus species. Moreover, the results showed that precipitation and chromatographic methods are applicable for fractionation of fungal proteins such as mycelial catalase.
Introduction
ungi can grow in diverse conditions and spread their spores in the environment. Repeated exposure to these microorganisms may result in a wide range of disorders such as type I hypersensitivity reactions [1, 2] . Allergenic fungi are categorized as environmental microorganisms and are airborne in their conidial form. Distribution of Aspergillus spores is highly hinged upon factors such as humidity, air-conditioning, presence of domestic animals, and vegetation [3, 4] . In warm and wet areas, 20-30% of individuals experience respiratory allergies, while less than 6% of this population is considered to be at risk of allergy to fungal proteins [3, 4] . Aspergillus species, especially A. fumigatus, A. niger, and A.flavus, are considered the most pervasive fungal aeroallergens [2, 5] that play a crucial role in bronchial diseases such as mycetoma, invasive aspergillosis, allergic bronchopulmonary aspergillosis, and type I hypersensitivity reactions [6, 7] . Respiratory allergies affect all age groups, but they tend to be more severe in children [8] . According to previous studies, a direct relationship exists between the spore count of air and the allergic conditions in infants [9] . While Aspergillus species are categorized as ubiquitous saprophytic fungi in most areas, A. fumigatus is the main causative agent involved in Aspergillus-based airborne infections and allergies [7] . Potentially, A. niger and A. flavus have fewer types of allergens among F the mentioned species [3] .
Experimental studies have demonstrated that the flavus specie is more virulent than fumigatus; however, A. flavus has larger spores than A. fumigatus does, leading to longer persistence of A. flavus in the airways [10] . Fungal spores that range 2-10 µm in diameter penetrate to human airways very easily [3] . The pathogenicity of A. fumigatus depends on several factors, such as the conidial structure, compatibility with diverse conditions, growth capability, immune escape mechanisms, and their invasiveness [10] . The route and number of exposures, as well as the immune response status of the patients highly influence the incidence of hypersensitivity reactions [10, 11] . The development of conidia and mycelium on the airways may consequently dive rise to overzealous immune responses [3, [11] [12] [13] [14] . Some of these allergens exist merely in the form of conidia, and some of them are only found in their hyphal form [2, 3] .
The importance of the Aspergillus species is mostly due to their high abundance and allergenicity, as hypersensitivity to molds is commonly observed in 80% of allergic asthma cases [15] . So far, approximately 30 different allergens have been identified in Aspergillus species, having molecular weights within the range of 11 to 90 kDa [14, 16] . The IgE-mediated immune responses to fungal allergens differ in various countries based on geographical and environmental conditions, as well as genetic differences [1, 2] . Some fungal proteins have been known to act as major allergens, while several of them play a role as minor allergens [14] . Indeed, many antigenic similarities exist among species of a family and same proteins are involved in allergic reactions; accordingly, detecting the pattern of fungal allergens will be beneficial in clinical diagnosis and immunotherapy procedures. In this study, we isolated, determined, and analyzed the pattern of allergic reactions in respiratory allergic asthma patients' sera.
Materials and Methods

Culture and slipping of mycelium of Aspergillus
Equal volumes of Czapek broth and AOAC broth were mixed and used as the selective Aspergillus cultivation medium. Standard strains of A. fumigatus (ATCC204305), A. flavus (CBS625/66), and A. niger (ATCC1105) were inoculated in broth media and then kept on a shaking incubator at 37°C for one week, shaking at 200 rpm. The fungal mycelium layer was isolated by centrifugation, washed with phosphate buffered saline (PBS), and used for preparation of cell lysate.
Mycelium lysate and analysis
The mycelium was suspended in 50 mM Tris buffer, pH 8.0, supplemented with 50 mM ethylenediaminetetraacetic acid (EDTA), 100 mM NaCl, 5% sodium dodecyl sulfate (SDS), 1% 2-Mercaptoethanol (2-ME), a sufficient amount of anti-protease cocktail, and 10% glass beads (50-100 µ in diameter) to intensify rupture of the cell wall. The mixture was then deep-frozen by liquid nitrogen and ground by mortar and pestle to break out the cell wall of the mycelium and release the intracellular and extracellular proteins. This continuous process (freezing, thawing, and pulverizing) was repeated up to 10 times to ensure partial destruction of the mycelium. Completely crushed mycelia were examined by light microscopy. The final extract was agitated for 3-4 h on a shaker at 2000 rpm, and then the contents were centrifuged at a speed of 12,000 g. The supernatant was removed and transferred into a dialysis bag (4 kDa, in 10 mM potassium phosphate buffer, pH 8.0) in order to deplete the salts and impurities, while simultaneously being mixed on a magnetic shaker for 16 h at 4°C. The protein concentration of the crude extracts was measured using the Bradford method [17] .
After dialysis, the protein concentration was measured by Bradford method, followed by electrophoresis on 12% polyacrylamide gel in parallel with the protein molecular weight marker (Sigma, Germany). Then, the gel was stained with Coomassie Brilliant Blue G-250 and destained with 45% methanol and 10% acetic acid.
Protein extraction and identification
Different concentrations of ammonium sulfate were employed for fractionation of the protein contents. In this approach, salt molecules reduce the interaction between the protein and water molecules existing between lateral chains of nonpolar amino acids; therefore, the proteins aggregate and precipitate. For protein fractionation, proteins of the fungal extract were deposited at different concentrations of saturated ammonium sulfate (20%, 50%, and 80%). After centrifugation, the contents of the precipitated and supernatant fractions were studied by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and silver staining [17] .
Protein purification of the total extract was fulfilled by anion exchange chromatography using fast protein liquid chromatography (FPLC) system (ActaPrimePlus, Sweden). The chromatography column was filled with DEAE-Sepharose 6 B resin (Amersham, Sweden). After compacting, washing, and protein loading steps, a continuous gradient mixture of 20 mM Tris-HCl, pH8.0, supplemented with additive amounts of 1 M NaCl in starting buffer was used for elution of the proteins from the column. In detail, the protein extract was dialyzed against the starter buffer overnight, and 500 µl of 1 mg/ml extract was loaded. Monitoring of the effluent for protein concentration revealed development of several protein peaks. After choosing the appropriate fractions, the effluents were lyophilized and studied by SDS-PAGE. The slabs were stained with silver nitrate or applied for further studies such as mass spectrometry or Western blotting [17, 18] .
Purified fractions were resolved on 15% SDS-PAGE and stained with Colloidal Coomassie Blue. The protein bands comparable with the IgE immunoreactive bands in Western blotting strips were considered allergen. The allergic proteins were excised from the SDS-PAGE slabs and sent for further protein identification procedures using mass spectrometry methods. Mass spectrometry was performed using MALDI-TOF/TOF analyzer (Applied Biosystems, USA) in York University, England, as previously described in details [17, 18] . In brief, mass spectrum was recorded in reflector positive mode with a scanning range of 900-4000 Da. Five monoisotopic precursors of the purified fractions were studied by MS/MS analysis. The Swiss-Prot and NCBI databases for the peptide mass maps were searched using the Mascot search engine (MatrixScience, UK) for identification of the peptides.
Serum samples
Skin prick test (SPT) was conducted on the forearm of 20 respiratory allergic patients, as well as 10 non-allergic controls at Khorshid Allergy Clinic and Firoozabadi General Hospital using commercial extracts (Greer, USA). Adults with a history of hypersensitivity to fungi and a weal > 3 mm in prick test to Aspergillus species were considered as sensitive, while adults with no symptoms of food or respiratory allergy and a negative prick test were considered as negative controls. All the participants signed a written consent form and the study was approved by the Ethics Committee of Iran University of Medical Sciences, Tehran, Iran.
Enzyme-linked immunosorbent assay (ELISA) and Western blotting
Two ELISA methods including disk ELISA and in-house developed ELISA with total extracts were applied to evaluate the immunoreactivity of the patients' sera. Moreover, the results were confirmed by Western blotting.
For development of disk ELISA, firstly the 96-well ELISA plates were blocked with bovine serum albumin for 2 h at room temperature. Afterwards, commercial discs of Aspergillus species (Dr. Fooke, Germany) were set in wells. Then, 100 µl of patients' sera was added and incubated for 2 h at 37°C on an orbital shaker. The wells were then washed four times with PBS containing 0.05% Tween-20 (PBST). Upon final washing, the contents of the wells were discharged with a vacuum pump so that the disc would remain in the wells until the end of the procedure. Next, 100 µl of 1:1000 diluted horseradish peroxidase (HRP) conjugated anti-human IgE (KPL, USA) was added and the plates were incubated for 90 min on a shaker at 37°C. Following five rounds of washing, 100 µl of chromogenic-substrate solution was added (H2O2/thetramethylbenzidine) and the plates were placed on a shaker for 15 min in the dark. In order to stop the reaction, 100 µl of sulfuric acid (1 M) was added. After removing the disc, the optical density was read at 450 nm vs. 630 nm as the reference filter.
Furthermore, an in-house developed indirect ELISA assay was used to evaluate the IgE reactivity of the patients' sera. Firstly, MaxiSorb wells (Nunc, Denmark) were coated with each of the extracts. For this purpose, the extracts were diluted in 0.2 M sodium bicarbonate buffer, pH 9.0, to achieve a 50 μg/ml protein solution. Next, 50 µl of the diluted extract was added to each well and the plates were incubated overnight at 4°C, followed by three rounds of washing with PBST. Then, 250 µl of 2% bovine serum albumin was added to each well and the plates were incubated for 2 h at 37°C on a shaking incubator to block the potentially non-specific binding sites. After two washing steps, 50 µl of the samples was added, and the plates were incubated in the shaker for 2 h at 37°C. Next, the plates were washed four times, and 50 µl of 1:2000 diluted biotinylated anti-human IgE (KPL, USA) was added. Thereafter, the plates were incubated for 1 h at 37°C. After 5 washing steps, 50 µl of 1:3000 diluted streptavidin conjugated HRP (Sigma-Aldrich, CA, USA) was added to each well and the plates were kept on the shaking incubator for 45 min at 37°C. After 6 rounds of washing, 50 µl of chromogenic-substrate solution (H2O2/thetra methylbenzidine) was added. Then, the wells were placed in the shaker for 15 min in a dark place. In order to stop the reaction, 50 µl of 1 M sulfuric acid was added. Finally, the optical density was read at 450 nm vs. 630 nm [17, 18] .
Western blotting, which shows the apparent molecular weights of the immunoreactive bands and their intensity in comparison to ELISA method, was used to confirm the specificity of the results for each of Aspergillus species and compare the immunoreactivity of the pooled sera with each extract. The extracted proteins were separated using 12.5% SDS-PAGE and transferred to polyviny lidene difluoride (PVDF) membranes using a semidry apparatus (PeQLab, Belgium). The membranes were then stained with Ponceau S, and then cut into strips. Each strip was used to study the reaction of a single serum or pooled sera. After a blocking step by 2% bovine serum albumin, 700 μl of 1:5 dilution of each serum sample was added and the strips were placed on a rocker for 12 h at 4°C, then washed three times by PBST for a total of 15 min. Then, 700 μl of biotinylated anti-human IgE (1:2000) was added to each strip, followed by incubating of the plates on a rocker for 1 h at 37°C. Next, the strips were washed three times (for a total of 15 min) and 700 μl of HRP conjugated streptavidin (1:30000; Sigma-Aldrich, CA, USA) was added and the plates were placed on a rocker for 45 min at 37°C. After an extensive washing, the strips were placed on a plastic sheet and a chemiluminescent substrate (PARS Toos, Iran) was loaded onto them in a dark room for 1 min. Then, ultrasensitive radiography films were used to visualize the reactive bands [17, 18] .
Statistical analysis
The results were analyzed using SPSS, version 18, in order to determine the correlation between the results. Pearson correlation coefficient and ROC analysis were used to determine the cut-off points in ELISA. Statistical charts were plotted using Graph Pad Prism5.
Results
Bradford method revealed that the protein concentrations of A. fumigatus and A. niger extracts were approximately 1250 mg/ml, while that of A. flavus extract was 2500 mg/ml. In all the species, electrophoresis showed a continuous smear and some distinct bands within the range of 11-100 kDa. The main broad bands were located at 46-100 kDa region in all the species (Figure 1) . After precipitation of the total extract proteins using 20% ammonium sulfate and centrifugation step, the pellet in both A. flavus and A. fumigatus species contained some 25-100 kDa protein bands. More proteins were isolated from the A. flavus species than the other species. Ammonium sulfate at 20% concentration could separate proteins in the A. niger species better than the other ones, while 50% ammonium sulfate seemed undesirable for protein precipitation ) Figure 2) . Figure 3 demonstrates fractionation of the content of A. fumigatus extract. Two peaks were isolated at 35-50% NaCl concentration. As the figure shows, chromatography of A. flavus extract revealed similar peaks at a slightly higher concentration of the applied salt (45-60%). In addition, after chromatography of the A. niger extract, which showed a rather poor content in SDS-PAGE, only a small peak was observed at 25% concentration of NaCl. Figure 4 demonstrates the electrophoretic pattern of the fractionated proteins.
ELISA analysis showed a significant difference in the IgE reactivity of the sensitive and nonsensitive patients' sera (Table 1) . Although the discrimination of the patients from controls was similar in both indirect and disc ELISA, but the optical densities (ODs) were significantly higher in the developed indirect ELISA. However, extending the incubation time of substrate in disc ELISA resulted in unacceptable background and the test was prone to false positivity. Table 2 presents a summary of the obtained results in Table 1 .
Both commercial discs and crude extract of Aspergillus species were employed for evaluation of the IgE reactivity of Aspergillus-sensitive patients' sera using disc ELISA and indirect ELISA methods. The weal diameter of SPT by a commercial extract (composed of a mixture of Aspergillus species; Greer, USA) is demonstrated in Table 1 for all the patients. Crude extracts of Aspergillus species were coated on ELISA plates or nitrocellulose discs and used for comparison of the immunoreactivity of Aspergillus-sensitive patients' sera ( Table 2 ). Figure 5 illustrates the comparison of the results of the IgE reactivity of the patients' sera with some selected fractions of the studied species using indirect ELISA method. Western blot analysis of the patients' pooled sera with total extract of the studied species confirmed immunoreactivity of several proteins with varied molecular weights within the range of 11-100 kDa.
The statistical analysis of ELISA results by Pearson correlation coefficient (with the assumption of independence of positive results in all the three species) revealed no significant correlation between the optical density of specific ELISA results and the weal diameter observed in SPT ( Table 3 ). As summarized in Table 4 , we identified a mycelia catalase with 45 kDa apparent molecular weight and an isoelectric point of 5.6 as a new allergen in the Aspergillus genus using mass spectrometry methods.
As Figure 6 demonstrates, significant immunereactivity was observed in Western blotting Figure 5 . Comparison of the immunoreactivity of anion exchange chromatography separated fractions of Aspergillus species from Aspergillus sensitive patients' sera. Equal amounts of proteins were coated on enzyme-linked immunosorbent assay plates and their immunoreactivity was determined by Aspergillus sensitive patients' sera. when pooled sera from Aspergillus-sensitive patients were utilized. The pooled sera showed considerable immunoreactivity with a mixture of 15 th and 16 th A. fumigatus fractions. A similar reaction was observed with a mixture of 13 th and 14 th fractions of A. flavus. However, we did not observe any significant reactivity when fraction 9 of A. niger was used in the experiment.
Discussion
Given the slow growth of the Aspergillus species, adding amino acids and essential ions creates appropriate conditions for their cultivation. Moreover, medium concentration, temperature, and time are deemed important factors in obtaining sustainable fungal extracts. Cell walls of filamenttous fungi have more chitin than yeasts, which plays a crucial role in cell wall strength; therefore, filamentous cell wall (e.g., Aspergillus species) breaking is more challenging [19] [20] [21] .
In this study, for better lubrication of the fungal cells, a combination of chemical and physical approaches was employed. In the primary steps, limited frequency of freeze-thawing and grinding, as well as application of liquid nitrogen and glass beads did not result in sufficient protein concentration in the extract. To eliminate this problem, a lysis buffer containing ionic and nonionic detergents (sodium dodecyl sulfate and Tween-20), Tris, EDTA, protease inhibitors, 2-ME, and NaCl were used in the extraction buffer. Additionally, as a second strategy, we increased the frequency of freeze-thawing to 10 times and the shaking time was extended to 3 h. These settings resulted in production of clear electrophoresis bands of protein extract. Most fungi possess high protease activity; therefore, specific (e.g., Pepstatin and phenylmethylsulfonyl fluoride [PMSF] ) and non-specific anti-proteases (e.g., EDTA) were used for preparation of the crude extract. Electrophoresis patterns were in accordance with those of the previous studies [17] [18] [19] [20] [21] .
Numerous allergens have been isolated from saprophytic fungi [19, 20] . Tenotoski et al. recognized Asp f1 as a main allergen that also plays role in invasive Aspergillus pathogenesis and ribonuclease activation. They produced a recombinant form of this allergic protein in a baculovirus system and evaluated its immunoreactivity, thereby introducing recombinant Asp f1 as a diagnostic marker [22] .
Hemman et al. believed that Asp f3, as an A. fumigatus allergen, has a similar sequence to two genes of Candida boidinii. They demonstrated that allergens of Candida, along with A. fumigatus, might play a crucial role in allergic asthma and allergic rhinitis. They assumed that cross-reactivity occurs between a 58 kDa antigen of A. fumigatus and a 55 kDa antigen of Candidia albicans [23] . Another study conducted by Horner et al. demonstrated that fungal allergens are not seasonal and their diagnosis is based on clinical symptoms and prick test [24] . Paliwal et al. synthesized oligonucleotide primers of 18 kDa A. fumigatus, which would be a useful strategy for diagnosis by polymerase chain reaction (PCR) method. PCR was conducted for all the three species, but only the PCR product of A. fumigatus was observed; therefore, PCR could be a potential approach for the diagnosis of A. fumigatus. Finally, according to another study, application of Aspergillus allergens is an appropriate approach for the diagnosis and treatment of this type of allergy [25] .
In the current study, we assessed specific IgE antibodies that are more difficult to detect, as they are the least amount of immunoglobulins in sera. We employed ELISA and Western blot methods with high specificity and sensitivity. Given that allergic responses to fungal elements are usually weaker than immune responses to plant pollen, the biotin-streptavidin system suggests better identification of immunological responses. In order to bolster the results, we increased the blocking period, as well as the incubation and blotting times to overnight. A significant difference in serum absorbance between the two ELISA methods was observed; perhaps due to the high protein concentration in discs and the poor washing protocols in the disc ELISA, the optical densities were much higher. However, the results of both methods were similar, reflecting appropriate performance of each.
Our results were in accordance with those of other studies. We found different immunogenic proteins within the range of 11-85 kDa using Western blotting. In a similar study examining the response of sensitive patients to A. flavus and A. niger allergens, 11 IgE-binding proteins were detected within the range of 13.3 to 98.6 kDa. In the present study, we found 5 IgE-binding proteins (within the range of 34-81 kDa) in A. niger, in contrast to the mentioned study that reported seven IgE-binding proteins [27] . They reported 18, 34, and 74 kDa proteins in A. niger as allergens. Most studies indicated that alkaline protease and serine proteases (34 kDa) are the major allergens in A. niger; however, some studies noted that only 34 kDa serine protease acts as the major allergen. Therefore, several allergenic proteins have been identified, and the discrepancies in results may be due to disparate genetic backgrounds of the patients, differences in the environment, exposure to allergens, discrepancy in potential allergens, and the quality of the extraction process [25] . Although an attempt was made to standardize the extracts by using a prick test to check their ability, it was morally impossible due to the lack of certificate validation.
In this study, for protein purification, various 
Conclusion
There were some diversities in the electrophoresis bands of the different species based on their molecular weight, but mainly, more clear protein bands were observed with the average molecular weight of > 40 kDa. However, in the 3 fungal species, significant differences between the allergic and control groups were found. Patients' ELISA results for different species were similar. This suggests that fungal allergens overlap, and the similarities can be important in cross-reactivity responses. It seems that a purified or a recombinant form of the identified proteins could be applied for serodiagnosis of allergy to Aspergillus species or the treatment of respiratory allergies to fungal elements.
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